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(54) Snubbing system for airplane translating door 

(57) A snubber is disclosed for use on an airplane 
translating door hinge arm (13) comprising a hydraulic 
device (41) and a flow regulation system (40). The 
hinge arm (13) includes sprockets (25, 27) placed at the 
ends (15, 17) of the hinge arm (13). Roller chain pieces 
(31) rotate partially about the sprockets (25, 27). A 
pneumatic actuator (33) having a through-rod (37) and 
housing (35) is located on one side of the hinge arm 
(13). The actuator housing (35) is supported by a sup- 
port member (23) integral with the hinge arm (13). The 
ends of the actuator through-rod (43) are each coupled 
to first ends of each of the roller chain pieces (31). The 
hydraulic device (41) comprising a housing (47), a 
through-rod (43), a piston (45), a first compartment (49), 
a second compartment (51), and hydraulic fluid, is also 
supported by the support member (23). The ends of the 
hydraulic device through-rod (43) are each coupled to 
second ends of each of the roller chain pieces (31). The 
hydraulic device (41) is located on the side of the hinge 
arm (13) opposite the side having the actuator (33). 
Also provided is a snubber fluid f tow regulation system 
(40) comprising first and second flow regulators (59, 65) 
and first and second high pressure relief valves (61 , 67), 
one each for use during door opening and door closing. 
A thermal compensator (71) is also provided in the fluid 
flow regulation system (40) to hydraulically compensate 
the snubber (41) during extreme low temperatures. 
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Description 

The present invention relates to snubbers, and 
more particularly, to hydraulic snubbers. 

Airplanes rely on specialized doors for passenger 
boarding and deboarding, galley servicing, cargo load- 
ing, maintenance access, emergency egress, etc. 
Some airplane doors are hinged to the fuselage, others 
slide into a cavity in the wall of the fuselage, and still oth- 
ers translate by moving outward and then forward along 
the fuselage of the airplane. During door usage, the 
possibility exists for various applied forces (such as a 
pressure difference between the cabin and the outside 
air, or a high speed wind) to cause an airplane door to 
rapidly move open or shut. A rapidly moving door is a 
serious hazard, capable of injuring crew and/or passen- 
gers. A rapidly moving airplane door can also cause 
yielding or failure of the airplane fuselage, door frame, 
hinge arm, or hinge linkages. In certain instances, a 
large force applied to a door can completely severe the 
door's connection to the airplane. 

Snubbers are included in airplane door systems to 
control the rate of door opening and closing. The pri- 
mary purpose of a snubber is to enhance personal 
safety and door integrity by limiting the peak forces 
applied to the door mechanisms. Snubbers are usually 
hydraulic devices that absorb energy - similar to shock 
absorbers. They comprise a housing in the form of a cyl- 
inder, a piston mounted in the cylinder, a rod attached to 
the pistqn, and hydraulic fluid. Hydraulic fluid flow 
between chambers located on either side of the piston 
controls the raite of movement of the piston, and, thus 
the rod. One commonly used hydraulic fluid flow pas- 
sageway between the chambers is an orifice in the pis- 
ton or housing. When a force is exerted upon the rod to 
urge it in a particular direction, hydraulic fluid flows from 
one side of the piston to the other side, through the ori- 
fice, ff the hydraulic fluid flow passageway between the 
chambers is a simple fixed-size orifice, the rate of fluid 
flowing from one side of the piston to the other side will 
be directly proportional to the force applied to the rod. If 
the hydraulic fluid flow passageway is a flow regulation 
orifice, the passageway will be provided in a conduit 
connecting the chambers and the orifice size will be var- 
iable. A typical flow regulator maintains a constant rate 
of fluid flowing through the orifice by adjusting the orifice 
size. The greater the force being applied to the rod. the 
smaller the orifice size. 

Operationally, translating airplane doors are sup- 
ported by a hinge arm rotatably connected at one end to 
a door frame and at the other end to the door. A roller 
chain is positioned about a first sprocket mounted on a 
hinge pin located at one end of the hinge arm and about 
a second sprocket mounted on a hinge pin locat d at 
the other end of the hinge arm. Under non-emergency 
situations, the door is opened or closed manually. When 
a manual force is applied to the door, it causes the roller 
chain to translate, effecting rotation of the door between 
its open and closed positions. In emergency situations. 



an actuator is provided to at least power the door open. 
The actuator is located on one side of the hinge arm, in- 
line with the roller chain. The actuator includes a 
through-rod that replaces a portion of the chain. When 

5 the actuator is activated, it causes the actuator through- 
rod to translate. This action causes the roller chain to 
translate, again effecting rotation of the door from its 
closed position to its opened position. As the door 
moves, the door is maintained at an attitude approxi- 

w mately parallel to the longitudinal centerline of the air- 
plane. The velocity of the door is controlled by a 
snubber installed between the door and the door frame. 
The snubber collapses onto itself when the door is 
closed. 

15 Although snubbers are useful devices, current 
snubbers have undesirable characteristics. A first such 
disadvantage (mainly applicable to current linear-type 
snubbers) is their location in the overall door system. 
When a snubber is located between two structural 

20 points (i.e., the door frame and the door, or the hinge 
arm and the door), the angle of the snubber relative to 
the door will change as the door opens or closes. Like- 
wise, the available snubbing force will vary as the door 
angle varies. The resulting geometry creates sections of 

25 door travel in which the snubber is less effective, or 
sometimes even ineffective. This occurs typically at mid- 
stroke. While the start and end portions of the door 
travel path will receive snubbing force, the middle posi- 
tion will receive little or none. This allows the door's 

30 velocity to increase during mid-stroke, requiring a large, 
or "spike", snubbing force at the end of travel to prevent 
the door from slamming. Many current door snubbers 
are unable to deal effectively with the spike loads cre- 
ated by sriubber-door geometry. 

35 A second disadvantage of current snubbers (both 
linear and rotary types) regardless of their location in 
the overall door system, is that they are frequently una- 
ble to dissipate large applied forces in a controlled man- 
ner. For example, when a large force is applied to a door 

40 while the door is being opened or closed, the door's 
velocity will increase. Snubbers respond to the door's 
increased velocity by hydraulically countering the force 
to prevent the door from moving too rapidly. While a 
fixed-size orifice snubber will damp the door's velocity, 

45 because the orifice remains a constant size, the door 
speed will still increase in proportion to the amount of 
force applied to the door. If the applied force is very 
large, the door's velocity increase will be relatively large. 
As mentioned above, a rapidly moving door can bie a 

so hazard to the crew and/or passengers of an airplane. 
The rapidly moving door will end its movement by slam- 
ming to a stop, potentially causing damage to the air- 
plane fuselage, as well as to the door. To prevent the 
door from moving rapidly, a snubber with a smaller ori- 

55 fice could be used. However, such a snubber would 
make the manual operation of the door more difficult 
and time consuming. 

Row regulator type snubbers have a partially more 
desirable response than fixed orifice type snubbers in 
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that they prohibit the door velocity from significantly 
increasing by providing increased snubbing force to 
counter increased applied force. 

Regardless of type, any snubber that is unable to 
dissipate a large applied force quickly enough, results in s 
the application of forces to door components that may 
cause them to yield or fail. Ideally, the location and 
design of a snubber should be such that large forces are 
dissipated in a controlled manner; i.e., provide a bal- 
ance between too much and too little snubbing. An ideal 10 
snubber should be located and designed such that large 
forces are dissipated fast enough to prevent door com- 
ponents from breaking, but slow enough to stop a door 
without slamming. The snubber location and design 
should allow a door to move fast enough to be comfort- is 
ably moved manually, but slow enough not to injureany- 
one. Neither the location nor the design of present 
snubbers meet all of these ideal requirements. Thus, a 
need exists for a new arid improved snubber for a trans- 
lating airplane door system that is designed and located 20 
to provide snubbing force throughout the entire path 
travel d by the door as it moves between its opened and 
closed positions, while allowing the door to be easily 
opened when very little force is applied. The snubber 
design and location should allow the snubber to coun- 25 
teract large applied forces, in order to slow door move- 
ment and prevent possible injury to crew and/or 
passengers. The snubber should be capable of quickly 
dissipating extremely large applied forces in order to 
protect the internal mechanisms of the door from yield- so 
ing or failing during the door's travel, while preventing a 
buildup of velocity at the end of the door's travel. The 
present invention is directed to fulfilling this need; 

In accordance with the present invention, a hydrau- 
lic snubber that is ideally suited for use on an airplane 35 
translating door hinge arm is provided. The door hinge 
arm is rotatably attached at one end to the door frame 
and at the other end to a door by hinge pins. Mounted 
on the hinge pins are first and second sprockets, one 
located at each end of the hinge arm. Two roller chain ao 
pi ces are partially looped around the sprockets, one 
chain associated with each sprocket. A pneumatic actu- 
ator is provided, comprising a housing in the form of a 
cylinder, a piston mounted in the cylinder, and a 
through-rod passing through the cylinder and con- 4S 
nected to the piston. The actuator through-rod connects 
one end of one of the roller chains to one end of the 
other roller chain. The snubber comprises a hydraulic 
device that joins the other ends of the chains. The 
hydraulic snubber is located generally parallel to the so 
actuator. The hydraulic device includes a housing in the 
form of a cylinder, a piston mounted in the cylinder, and 
a through-rod passing through the cylinder and con- 
nected to the piston. The actuator and snubber hous- 
ings are supported by a support member that is integral ss 
with the hinge arm. 

During non-emergency situations, a manually 
applied force causes the roller chain to translate around 
the sprockets. This action causes the hinge arm to 



rotate relative to the door frame, and the door to rotate 
relative to the hinge, arm. In emergency situations, 
pneumatic pressure is applied to one side of the actua- 
tor piston to cause the actuator througlvrod to move, 
which forces the roller chain-to translate and the door to 
open. As the door moves ■. between its closed and 
opened positions, snubbing force is, provided by the 
hydraulic device. 

In accordance with further aspects of the present 
invention, the snubber also includes a fluid flow regula- 
tion system that controls the amount of snubbing force 
available, depending on the applied force to the door. 
The fluid flow regulation system comprisestwo flow reg- 
ulators, one for r each direction of door travel (i.e., door 
opening andtdodr closing) during normal operating con- 
ditions. 

In accordance with yet other aspects of this inven- 
tion, the fluid flow regulation system also includes two 
high pressure relief valves for relieving large applied 
forces, onei for each direction of door travel. 

In accordance with still other aspects of this inven- 
tion, low pressure check valves are provided throughout 
the snubber fluid flow regulation system to ensure *hat 
the fluid flows through the appropriate fluid path. 

In accordance with still further aspects of this inven- 
tion, a compensator is provided for hydraulically com- 
pensating the snubber for hydraulic leaks, thermal 
expansion, etc. 

From the foregoing description, it will be appreci- 
ated that a new, and distinctly better,- snubber whose 
position and design is ideally suited for use on an air- 
plane translating door hinge arm is provided by the 
present invention. The location of the hydraulic device 
between the roller chain pieces allows the snubber to 
provide snubbing force throughout the entire path 
traveled by the door, eliminating the application of spike 
loads to the snubber at the ends of the path of door 
travel. The flow regulators of the snubber's fluid flow 
regulation system allow the door to be easily moved by 
the application of minimal force. The flow regulators 
increase snubbing capability in response to larger 
applied forces in order to prevent the door from moving 
too quiddy. The high pressure relief valves of the snub- 
ber's fluid flow regulation system dissipate very large 
applied loads quickly, thereby protecting the internal 
door mechanisms from yielding or failing. The combina- 
tion of the flow regulators and the high pressure relief 
valves prevent a buildup of velocity during the door's 
travel. 

The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 
wherein: 

Figure 1 is an pictorial view of the interior of 
selected components of an airplane translating 
passenger door showing the location of a door 
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hinge arm relative to the door and in dashed lines, 
the location of the hinge arm components that con- 
trol the movement of the door including a snubber 
formed in accordance with the present invention; 
Figure 2 is a plan view of the door hinge arm com- 
ponents that control the movement of the door 
including a snubber formed in accordance with the 
present invention shown in figure 1 ; and 
Figure 3 is a partially block and partially pictorial 
diagram of a hydraulic door snubber formed in 
accordance with the present invention. 

Although "the present invention was developed for, 
and is described in connection with, an airplane trans- 
lating passenger entry door, it is to be understood that 
the invention may also find use in other snubber appli- 
cations, including other airplane snubber applications, 
where a large applied force may occur One example of 
such a use is to control flutter on an aircraft wing. 

The following paragraphs describe a snubber 
formed in accordance with the present invention and its 
preferred location in an airplane translating door sys- 
tem. The snubber is comprised of a hydraulic device 41 
and a flow regulation system 40. The following descrip- 
tion focuses first on the hydraulic device 41 in terms of 
its placement in the overall door system and the opera- 
tion of the snubber therein. (Shown generally in Figures 
1 and 2.) Next, a detailed description of the flow regula- 
tion system 40 is given in terms of its elements and the 
effect those elements have on the performance of the 
snubber. (Shown generally in Figured) 

Figure 1 is a pictorial view of selected components 
of an airplane translating passenger door 1 1 . More spe- 
cifically, Figure 1 shows a door 1 1 , a hinge arm 13, an 
operating handle 12, first and second hinge pins 15, 17, 
a door bracket 19, translation-producing hinge arm 
components 20, and the hydraulic device 41 of a snub- 
ber formed in accordance with the present invention. 
Both the operating handle 12 and the hinge arm 13 are 
located on the side of the door 1 1 internal to the air- 
plane. The operating handle 12 is of a type known in the 
art. The door hinge arm 13 has a dog-leg shape. The 
first hinge pin 15 rotatably connects one end of the 
hinge arm 13 to a door frame bracket (not shown). The 
second hinge pin 17 rotatably connects the other end of 
the hinge arm 13 to the door bracket 19. Shown in 
dashed lines in Figure 1 within the hinge arm 13 are the 
translation-producing hinge arm components 20 that 
control the movement of the door and the hydraulic 
device 41 . These elements are better seen in Figure 2 
and are described next. 

Figure 2 is a plan view of the hinge arm compo- 
nents that control the movement of the door 1 1 and of 
the snubber hydraulic device 41. The hinge arm compo- 
nents include first and second sprockets 25, 27; first 
and second idler sprockets 29a and 29b; two pieces of 
roller chain 31a, 31b; and a linear pneumatic actuator 
33. The first sprocket 25 is mounted on the first hinge 
pin 15, and the second sprocket 27 is mounted on the 



second hinge pin 17. The first idler sprocket 29a is 
located near the inside turn of the dog-leg shaped hinge 
arm 13, and the second idler sprocket 29b is located 
near the outside turn. 

5 One of the roller chain pieces 31b is positioned 
about the first hinge pin sprocket 25 and about the first 
and second idler sprockets 29a and 29b. thus, encom- 
passing the arm of the dog-leg shaped door hinge arm 
13 that extends to the frame hinge bracket (not shown). 

10 The other piece of roller chain 31a extends around the 
sprocket 27 mounted on the pin 17 that passes through 
the door hinge bracket 19. The linear pneumatic actua- 
tor 33 joins the ends of the roller chain pieces 31a, 31b 
located on the side of the hinge arm 13 nearest the door 

15 11. The snubber hydraulic device 41 of the present 
invention joins the ends of the roller chain pieces 31a, 
31b located on the side of the hinge arm 13 furthest 
from the door 11. 

The linear pneumatic actuator 33 (shown in Figure 

20 2) is of a type currently known in the art of airplane door 
actuators. It generally includes a cylinder 35, a piston 
39, and a through-rod 37. The through-rod 37 is affixed 
to the piston 39 and passes through the ends of the cyl- 
inder 35. The ends of the through-rod 37 are connected 

25 by suitable couplers 38a, 38b to the above described 
ends of each of the roller chain pieces 31a, 31b. Only a 
chamber in the cylinder on one side of the piston is con- 
nected to a source of pneumatic power. The other 
chamber is not so connected. Thus, the pneumatic 

30 actuator is a unidirectional actuator, the actuation direc- 
tion being the door open direction. Since unidirectional 
pneumatic actuators 33 capable of opening an airplane 
door and not interfering with the closing of the door are 
known, no specific actuator designed to accomplish 

35 these functions is described here. 

The hydraulic device 41 of the snubber includes a 
housing in the form of a cylinder 47, a piston 45 and a 
through-rod 43. The through-rod 43 is affixed to the pis- 
ton 45 and passes through the ends of the cylinder 47. 

40 The ends of the through-rod 43 are connected by suita- 
ble couplers 44a, 44b to the above-described ends of 
each of the roller chain pieces 31 a, 31 b. The cylinder 47 
and the piston 45 together define first and second 
hydraulic fluid compartments 49, 51, one located on 

45 either side of the piston 45. 

In the preferred embodiment, during non-emer- 
gency operations, the door is opened by manually rotat- 
ing the door handle 12 to unlock the door, and manually 
applying a force to move the door 1 1 open. In emergen- 

50 cies, the rotation of the door handle 1 2 causes the linear 
pneumatic actuator 33 to crate the force that translates 
the door open. The linear pneumatic actuator 33 is acti- 
vated by a door system that does not form part of the 
present invention and thus is not described here. As 

55 noted above, preferably the linear pneumatic actuator 
operates only to open the door during emergencies and 
does not interfere with the manual closing of the door. 

In more detail, when a manual force is applied to 
open or dose the door, the roller chain pieces 31a, 31b 
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translate around the sprockets 25, 27, 29a, 29b. When 
the roller chain 31b moves in one direction or the other 
around the first sprocket 25, the hinge arm 13 is caused 
to rotate around the hinge connection atthe door frame. 
At the same time, the roller chain piece 31a is also 5 
revolving around the second sprocket 27, causing it to 
pivot the door 1 1 , via the door bracket 1 9. As the roller 
chain pieces 31a, 31b translate along the hinge arm) 13, 
the hinge arm 13 maintains the door's attitude approxi- 
mately parallel, to thejpngitudinal centerline of the air- 10 
plane. Therefore, as the manually applied force moves 
the door, but tfie translation of the. roller chain pieces 
synchronizes the rotation of the hinge arm to the door 
with the rotation of the hinge arm to the door frame, 
which causes the door to move along .a path that main- 15 
tains the. door parallel to the airplane fuselage. If the 
pneumatic actuator is used to open the door, the actua- 
tor through-rod 37 causes the roller chain pieces 31a 
and 31b to translate and indirectly open the door. 

All forces applied to the roller chain pieces 31 a, 31 b 20 
(vis-^-vis the door 11 and/or the pneumatic actuator 33) 
are snubbed by the hydraulic device 41 under the con- 
trol of, and according to, a flow regulation system 40. 
The flow regulation system 40 is shown in block form in 
Figure 3, and is described below. 25 

Figure 3 is a partially block and partially pictorial 
diagram of a snubber formed in accordance with the 
present invention. The throughrrod 43- in ; Figure 3 is 
shown in mid-stroke, moving in the door-opening direc- 
tion showrrbyr an arrow 53. The flow regulation system so 
40 comprises first and second conduits 57, 63; first and 
second flow regulators 59, 65; first and second high 
pressure relief valves 61 , 67; four low pressure check 
valves 69a, 69b. 69c, 69d; and a spring loaded compen- 
sator 71. Overall, the flow regulation system 40 regu- 35 
lates the flow of hydraulic fluid between the 
compartments 49, 51 located on opposite sides of the 
piston 45. The flow regulation system 40 normally uses 
the flow regulators 59, 65 to control the rate of fluid 
transfer between the two compartments 49, 51 but dur- 40 
ing large applied force conditions, will use high pressure 
relief valves 61 , 67 to quickly dissipate the applied force. 
The high pressure relief valves 61,67 allow the door 
velocity to increase, thereby limiting the internal forces 
on the door components, potentially saving those com- 45 
ponents from yielding or failing. 

Below is a description of the flow regulation system 
40. First, a discussion of the components is presented. 
Next, the components are described in terms of their 
physical relation to one another. Lastly, a description of so 
their operation is provided. 

With regard to the components of the flow regula- 
tion system 40, each is currently known in the art of 
snubbing. The novelty of the present invention does not 
reside in these components per s , but rather in the 55 
novel use of discrete high pressure relief in conjunction 
with flow regulation. Since current flow regulators, high 
pressure relief valves, low pressure check valves, and 



compensators are well known in the art, no detailed 
description of these components is provided. 

The specific components selected for use in the 
present invention- should be capable of performing as 
described herein. In particular, the^low regulator cho- 
sen should be capable of sensing the hydraulic fluid 
pressure difference between the faces of the snubber 
piston (or some related value,' i.e;, the velocity of the 
snubber through-rod or the applied force to the door) 
and responding to the sensed input by regulating the 
flow of hydraulic fluid between the compartments 49, 
51. Preferably, the high pressure relief valves include a 
spring and ball valve that requires a certain threshold 
pressure in order to compress the spring and allow 
hydraulic fluid to pass. 

The high pressure relief valve selected should be 
capable of iquicWy relieving high pressure hydraulic fluid 
by rapidly passing hydraulic fluid between the first and 
second compartments. (Obviously, if a pressure seal is 
used in the snubbing system it is capable of "blowing 
out" and thereby acting as a crude high pressure relief 
element but that is not whaVis intendedin the present 
invention. The present invention requires a discrete eJfe^ 
menting acting Ibf the purpose of high pressure relief;) 
The high v pressure relief valves selected must t also 
reseat, or close, when the high pressure is slightly 
reduced. Stated differently, the high pressure relief 
valve should dose at roughly the same pressure that it 
opened, so that very little hystferisis between fluid pres- 
sure and through-rod velocity exists. 

The compensator selected should be capable of 
adding or subtracting hydraulic fluid to or from the snub- 
ber to compensate for hydraulic fluid losses or additions 
(i.e., a slow leak, thermal expansion, etc.) In the pre- 
ferred embodiment the compensator comprises a pis- 
ton in a housing with hydraulic fluid on one side of the 
piston and a compression spring on the other side. The 
hydraulic fluid is in communication with a low pressure 
portion of the flow regulation system 40: The spring is in 
slight compression so that the compensator 71 continu- 
ally attempts to add hydraulic fluid to the flow regulation 
system 40, but can just as easily accept excess hydrau- 
lic fluid. 

With regard to the physical relation of the compo- 
nents, the first compartment 49 contains an outlet that is 
connected to the first conduit 57. The first conduit 57 is 
branched to reach the inputs of both the first flow regu- 
lator 59 and the first high pressure relief valve 61 . Figure 
3 also shows that the third and fourth low pressure 
check valves 69c, 69d have their outputs connected to 
the first conduit 57. The output of the first flow regulator 
59 is connected to the input of the first low pressure 
check valve 69a, which outputs to the second conduit 
63. The output of the first high pressure relief valve 61 is 
connected to a shared passage 80 that connects to the 
input of the second low pressure check valve 69b. The 
second low pr ssure check valve 69b also outputs to 
the second conduit 63. 
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The above described connections are provided tor 
use during door opening* For door closing, similar com- 
ponent connections are provided. Specif ically, the sec- 
ond compartment 51 contains an outlet that is 
connected to the second conduit 63: The second con- 
duit 63 is branched to reachvthe inputs of both the sec- 
ond flow regulator 65 and the second high pressure 
relief valve 67. The first and second low pressure check 
valves 69a ( 69b have their outputs connected to the 
second conduit 63, as stated above. Downstream of the 
second flow regulator 65 is the third low pressure check 
valve 69c, which outputs to the first conduit 57, The out- 
put of the second high pressure relief valve 67 is con- 
nected to the shared passage 80, which connects to the 
input of the fourth low pressure check valve 69d. The 
fourth low pressure check valve 69d outputs to the first 
conduit 57. The hydraulic fluid port of the compensator 
71 is also connected to the shared passage 80; Thus; 
the shared passage 80 therefore interconnects five 
items: the outputs of the first and second high pressure 
relief valves 61 , 67; the inputs of both the f irst and fourth 
low pressure check valves. 69a, 69d; and the hydraulic 
port of the compensator 71; It is well known in the art to 
place compensators in a number of different locations 
within a snubber. The location is not important to the 
present invention. The optimal position of the compen- 
sator 71 for the present invention is between the inputs 
of the second and fourthtow pressure check valves 69b, 
69d. In this positionv the compensator will see only low 
pressure. In this position, the compensator will not have 
to work as hard to add or subtract hydraulic fluid to or 
from the snubber as it would if it were located in other 
positions. 

The operation of the flow Regulation system 40 is 
discussed below in three sections: manual door open- 
ing operation, manual door closing operation, and actu- 
ator door opening operation. Within each section, the 
discussion includes the response of the system during 
low applied force conditions through extreme applied 
force conditions. 

During door opening, the force applied to the door 
also pushes the through-rod 43 and piston 45 of the 
snubber hydraulic device 47. The piston 45 forces 
hydraulic fluid from the first compartment 49 to flow into 
the first conduit 57. (For explanatory purposes, hydrau- 
lic fluid flow is defined as going from the first compart- 
ment 49 to the second compartment 51 during door 
opening. Likewise, during door closing, hydraulic fluid 
flow is defined as going from the second compartment 
51 to the first compartment 49.) 

When a low applied force occurs during door open- 
ing, hydraulic fluid flows only from the first conduit 57. 
through an orifice (not shown) in the first regulator 59. 
through the first low pressure check valve 69a; through 
the second conduit 63 to the second chamber 51. The 
pressure in the first conduit 57 is insufficient to open the 
first high presisure relief vailve 61 . The third and fourth 
low pressure check valves 69c, 69d prevent hydraulic 
fluid from entering the outlet ends of either the second 



flow regulator 65 or the second high pressure relief 
valve 67: In addition to preventing hydraulic fluid from 
entering the first flow regulator from the second c nduit 
63, the first low pressure check valve 69a prevents 

5 smaller forces from creating a transfer of hydraulic fluid. 
In this manner, hydraulic fluid is passed from the first 
compartment 49 into the second compartment 51 at a 
rate controlled by the first flow regulator 59 during low 
applied force door opening. 

10 The rate of hydraulic fluid flow through the first flow 
regulator 59 may be according to aihy schedule desired 
by a designer for a particular application. Preferably, the 
first flow regulator 59 has a shuttle valve (hot shown) 
whose position depends on the difference in hydraulic 

is pressure bri opposite sides of the piston. The position of 
the shuttle valve determines the size of the brif ice of the 
flow regulator. When the pressure difference is below a 
certain amount, the orifice is fully open. When the pres- 
sure increases above a certain valve, the orifice size 

20 begins to constrict to a size that keeps the rate of 
hydraulic fluid How constant between the first and sec- 
ond compartments 49, 51. Controlling the rate of fluid 
flow controls the velocity of the piston 45, and the 
through-rod 43, arid thus, the translation of the roller 

25 chain pieces 31 a, 31b, and the movement of the door. 

When a Very large external dynamic force is applied 
to the door during opening (such as caused by wind, 
pressure, airplane attitude, etc.), a very large pressure 
difference exists across the faces of the piston 45. This 

30 causes the orifice of the first flow regulator 59 to con- 
strict to a very small opening. Depending upon the 
force, the hydraulic fluid pressure in the first conduit 57 
may be large enough to exceed the opening threshold 
of the first high pressure relief valve 61. When this 

35 threshold is reached, hydraulic fluid begins to pass 
through the first high pressure relief valve 61. Fluid 
passing through the high pressure relief valve 61 enters 
the shared passage 80, passes through the second low 
pressure check valve 69b and the second conduit 63 

40 into the second compartment 5 1 . The first high pressure 
relief valve 61 adds an additional path through which 
hydraulic fluid quickly passes, dissipating excessive 
hydraulic fluid pressure by rapidly transferring fluid from 
the first compartment 49 to the second compartment 

45 51. 

As a side note, even though the shared passage 80 
is connected to multiple components, the output of the 
first high pressure relief valve 61 only exits from the 
shared passage 80 through the second low pressure 

so check valve 69b. This is because the output of the sec- 
ond high pressure relief valve 67 is connected to the 
shared passage 80. The hydraulic pressure in the 
shared passage 80 is greater than the hydraulic pres- 
sure in the second conduit 63, biasing the second high 

55 pressure relief valve closed, While the input of th fourth 
low pressure check valve 69d is connected to the 
shared passage 80, the high hydraulic fluid pressure on 
its output side is greater than that on its input side. 
Thus, the fourth low pressure check valve 69d is also 
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biased closed. The compensator 71 is only open to the 
shared passage 80 and does not actually pass hydrau- 
lic fluid. 

If the large applied force is reduced during door 
opening, hydraulic fluid pressure in the first compart- 
ment 49 decreases, causing the pressure in the first 
conduit 57 to decrease. If the hydraulic fluid pressure 
decreases sufficiently, the first high pressure relief valve 
61 will revert back to its closed position. Thereafter, the 
first flew regulator 59 will operate alone, snubbing the 
applied force and keeping the hydraulic fluid flow rate, 
and hence, the door's velocity, at or below an accepta- 
ble value. 

Identical regulation is provided for manual door 
closing. In this case, hydraulic fluid flows through the 
second conduit 63, through the second flow regulator 
65, through the third low pressure check valve 69c. 
through the first conduit 57, and into the first cdmpart- 
ment 49. The first and second low pressure check 
valves 69a, 69b are unaffected since they are oriented 
to allow hydraulic fluid to flow into, not out of, the second 
conduit 63. If the applied force exceeds a predeter- 
mined threshold, hydraulic fluid will also flow through 
the second high pressure relief valve 67, through the 
shared passage 80, through the fourth low pressure 
check valve 69d, through the first conduit 57, and into 
the first compartment 49. Again, even though the 
shared passage 80 is connected to multiple compo- 
nents, the output of the second high pressure relief 
valve 67 wtH flow only through the fourth low pressure 
check valve 69d. This is because the differential pres- 
sure acrossthe first high pressure relief valve 61 and 
the second low pressure check valve 69b back biases 
these valves. The compensator 71 is only open to the 
shared passage 80 and does not actually pass hydrau- 
lic fluid. 

Operation during emergency door opening is 
accomplished in a way similar to manual door opening. 
The significant difference being that instead of a manual 
force directly causing the movement of the door, the lin- 
ear pneumatic actuator 33 moves the door 1 1 indirectly 
by forcing the roller chain pieces 31a, 31b to translate, 
which rotates the hinge arm connections to the door 1 1 
and the door frame, urging the door to open. The snub- 
bing device 41 and the flow regulation system 40 of the 
present invention snub the applied forces to the door 
during actuator 33 operation as during manual opera- 
tion. 

In summary, the first and second hydraulic fluid 
conduits 57, 63 each direct fluid to a flow regulator 59, 
65 that operates to snub the rate of hydraulic fluid flow 
between the first and second compartments 49, 51 
when low applied forces are present. This prevents the 
door from moving too quickly. The first and second con- 
duits 57, 63 also direct fluid to high pressure relief 
valves 61 , 67 that rapidly dissipate excessive hydraulic 
fluid pressure when large applied forces are present 
This prevents the excessive force from causing the door 
components to yield or fail. 



While the presently preferred embodiment of the 
invention has been illustrated and described, it will be 
appreciated that various changes can be made therein 
without departing frorti the spirit and scope of the inven- 

5 tion. For example, as noted above, while the illustrated 
and described snubber has been described in an air- 
plane door translating system, it is to be understood that 
the snubber may find use in other environments, includ- 
ing other airplane environments, Further; in some air- 

w plane and other door environments, an actuator, such 
as the pneumatic actuator, may be unnecessary, in 
which use the related ends of the chains would be con- 
nected together. Further, in some; environments, the 
chain and sprockets could be replaced by belts and pul- 

is leys. Hence, it is to be understood that within the scope 
of the appended claims, this invention can be practiced 
otherwise than as specifically described herein. 

Claims 

20 

1 - A translating door system that includes a hinge arm 
(13) having first and second ends* first and second 
sprockets (25. 27), the first sprocket (25) being 
rotatably attached to the first end of the hinge arm 

25 (13). the second sprocket (27) being rotatably 
attached to the second end of the hinge arm (13), 
and a roller chain (31a, 31b) wrapped around the 
first and second sprockets (25, 27) f and having first 
and second ends, characterized by a snubber, 

30 said snubber including: 

(a) a hydraulic device (41) including a housing 
(27). a piston (45) located in the housing (47), 
and a through-rod (43) connected to the piston 

35 (45) and extending through the housing (47), 

the ends of the through-rod (43) being coupled 
to the first and second ends of the roller chain 
(31a, 31b); the housing (47) and the piston (45) 
defining two hydraulic fluid compartments (49, 

40 51) located on opposite sides of the piston (45), 

and 

(b) a flow regulation system (40) in fluid com- 
munication with the two hydraulic fluid com- 
partments (49, 51) for snubbing the movement 

*s of the hinge arm (13) by controlling the rate of 

hydraulic fluid flow between the first and sec- 
ond fluid compartments (49. 51 ). 

2. The translating door system claimed in claim 1, 
so characterized in that the hinge arm (1 3) has a dog 
leg shape and the snubber hydraulic device (41) is 
located on the outer side of the dog leg shaped 
hinge arm (13). 

55 3. The translating door system claimed in claim 1 or 2, 
characterized in that the flow regulation system 
(40) includes at least one flow regulator (59. 65). 
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4. The translating door system claimed in any of one 
of the preceding claims, characterized In that the 
flow regulation system (40) also includes at least 
one high pressure relief valve (61 , 67) for relieving 
excessive forces applied to the door (11). 5 

5. The translating door system claimed in any one of 
the preceding claims, characterized in that the 
flow regulation system (40) comprises: 

10 

(a) a first fluid conduit (57) in communication 
with the first fluid compartment (49); 

(b) a second fluid conduit (63) in communica- 
tion with the second fluid compartment (51); 

(c) f irst and second low pressure check valves is 
(69a, 69b), each having an input side and an 
output side; 

(d) a first flow regulator (59) for controlling the 
rate of hydraulic fluid passing from the first fluid 
compartment (49) to the second fluid compart- 20 
ment (51), thefirstflow regulator (59) having an 
input side connected to the first fluid conduit 
(53) and an output side connected to the input 
side of the first low pressure check valve (69a), 

the output side of the first low pressure check 25 
valve (69a) being connected to the second fluid 
conduit (63); 

(e) a fluid passage (80); and 

(f) a first high pressure relief valve (61) for 
relieving excessive hydraulic fluid pressure 30 
between the first fluid compartment (49) and 

the second fluid compartment (51), the first 
high pressure relief valve (61) having an input 
side connected to the first fluid conduit (57) and 
an output side connected to the fluid passage 35 
(80), the fluid passage (80) being additionally 
connected to the input side of the second low 
pressure check valve (69b), the output side of 
the second low pressure check valve (69b) 
being connected to the second fluid conduit 40 
(63). 

6. The translating door system claimed in claim 5, 
characterized by a compensator (71 ) connected to 
the fluid passage (80) for hydraulically compensat- 45 
ing the flow regulation system (40). 

7. The translating door system claimed in claim 5 or 6, 
characterized by: 

50 

(a) third and fourth low pressure check valves 
(69c, 69d), each having an input side and an 
output side; 

(b) a second flow regulator (65) for controlling 
the rate of hydraulic fluid passing from the sec- 55 
ond fluid compartment (5(g)) to the first fluid 
compartment (49), the second flow regulator 
(65) having an input side connected to the sec- 
ond fluid conduit (63) and an output side con- 



nected to the input side of the third low 
pressure check valve (69c), the output side of 
the third low pressure check valve (69c) being 
connected to the first fluid conduit (57); and 
(c) a second high pressure relief valve (67) for 
relieving excessive hydraulic fluid pressure 
between the second fluid compartment (51) 
and the first fluid compartment (49), the second 
high pressure relief valve (67) having an input 
side connected to the second fluid conduit (63) 
and an output side connected to the fluid pas- 
sage (80), the fluid passage (80) being addi- 
tionally connected to the input side of the fourth 
low pressure check valve (69d), the output side 
of the fourth low pressure check valve (69d) 
being connected to the first fluid conduit (57). 

8. A flow regulation system (40) for a snubber hydrau- 
lic device (41) having first and second fluid com- 
partments (49, 51), the flow regulation system (40) 
comprising: 

(a) a first fluid conduit (57) in communication 
with the first fluid compartment (49); 

(b) a second fluid conduit (63) in communica- 
tion with the second fluid compartment (51); 

(c) first and second low pressure check valves 
(69a, 69b), each having an input side* and an 
output side; 

(d) a first flow regulator (59) for controlling the 
rate of hydraulic fluid passing from the first fluid 
compartment (49) to the second fluid compart- 
ment (51 ), the first flow regulator (59) having an 
input side connected to the first fluid conduit 
(53) and an output side connected to the input 
side of the first low pressure check valve (69a), 
the output side of the first low pressure check 
valve (69a) being connected to the second fluid 
conduit (63); 

(e) a fluid passage (80); and 

(f) a first high pressure relief valve (61) for 
relieving excessive hydraulic fluid pressure 
between the first fluid compartment (49) and 
the second fluid compartment (51), the first 
high pressure relief valve (61) having an input 
side connected to the first fluid conduit (57) and 
an output side connected to the fluid passage 
(80), the fluid passage (80) being additionally 
connected to the input side of the second low 
pressure check valve (69b), the output side of 
the second low pressure check valve (69b) 
being connected to the second fluid conduit 
(63). 

9. The flow regulation system (49) for a snubber 
hydraulic device (41) according to claim 8, charac- 
terized by a compensator (71) connected to the 
fluid passage (80) for hydraulically compensating 
the flow regulation system (40). 
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10. The flow regulation system (40) for a snubber 
hydraulic device (41) according to claim 8 or 9, 
characterized by: 

(a) third an fourth low pressure check valves s 
(69c. 69d), each having an input side and an 
output side; 

(b) a second flow regulator (65) for controlling 
the rate of hydraulic fluid passing from the sec- 
ond fluid compartment (51) to the first fluid 10 
compartment (49), the second flow regulator 
(65) having an input side connected to the sec- 
ond fluid conduit (63) and an output side con- 
nected to the input side of the third low 
pressure check valve (69c), the output side of is 
the third low pressure check valve (69c) being 
connected to the first fluid conduit (57) ; and 

(c) a second high pressure relief valve (67) for 
relieving excessive hydraulic fluid pressure 
between the second fluid compartment (51) 20 
and the first fluid compartment (49), the second 
high pressure relief valve (67) having an input 
side connected to the second fluid conduit (63) 
and an output side connected to the fluid pas- 
sage (80), the fluid passage (80) being addi- 2s 
tonally connected to the input side of the fourth 
lowpressure check valve (69d) , the output side 

of the fourth low pressure check valve (69d) 
being connected to the first fluid conduit (57). 
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